The aquacultural industry in the United States has expanded at a rapid rate since 1980.
Introduction
The aquacultural industry in the United States has developed into a major alternative agricultural opportunity and represents the fastest growing segment of American agriculture. Much of the expansion has been driven by an increase in the global demand for fisheries products, a leveling off of the commercial catch, and the ability of the industry to produce a competitively priced, highquality product. Aquaculture integrated with other on-farm production has allowed producers to diversify and increase total farm profitability. Increased domestic aquacultural production can reduce this country's dependence on imports that has resulted in a trade imbalance that reached $3.2 billion for edible fisheries products in 1989 (NOAA, 1990).
As global demand for fisheries products continues to increase in the next decade, the U.S. aquacultural industry has an opportunity to continue to expand as a profitable and sustainable agricultural opportunity. Domestic aquacultural products will face strong competition from imports. To be competitive, the industry must continue to develop sound marketing strategies in the context of a global marketplace and continue to improve production efficiency.
A discussion of the future of the domestic aquacultural industry is presented. The status of world and U.S. fisheries resources as well as factors that will influence the future demand for these resources is reviewed. The status of world and U.S. aquacultural production is examined. Constraints and opportunities for the continued development of the industry are discussed and trends are projected.
Status of World and US. Commercial Flsherles
World fisheries landings, including aquaculture, have increased during the past decade from 72.0 million tons in 1980 to 98.4 million tons in 1988 (FAO, 1988a) . The increase in landings is the result of several factors, including increased fishing pressure, improved fishing technology, the harvesting of previously underutilized species, and increased aquacultural production. Of the total world harvest, 22% is marketed fresh, 24% is 4221 marketed frozen, 12% is marketed canned, 14% is cured, and 28% is reduced to meal or oil (FAO, 1988b) .
In 1988, Japan led the world in fisheries landings, followed by the USSR, China, Peru, and the United States. The harvest of marine fish and shellfish accounted for 81.0 million tons, compared to 13.8 million tons harvested in freshwater (FAO, 1988a,b) . Although world fisheries landings have increased, most analysts believe that world fisheries stocks will not be able to sustain the rate of growth experienced over the past 10 yr. Many commercial stocks are approaching maximum sustainable yield or have been overfished (NOAA, 1988).
In 1989, U.S. commercial landings reached an all-time high of 3.8 million tons, compared to 2.9 million tons in 1980. Aquacultural products, except for oysters and clams, are not included in these statistics. Approximately 74% of the U.S. commercial harvest is used for human consumption and 26% is processed for industrial purposes such as meal, oil, solubles, and shell products. In 1989 the United States exported $2.3 billion of edible fisheries products and imported $5.5 billion of edible fisheries products, resulting in a substantial trade imbalance in this sector (NOAA, From 1980 through 1985, U.S. commercial landings of edible fisheries products showed a modest decline. However, from 1986 to 1989 landings increased by 83%. This increase resulted primarily from the increased landings of a previously underutilized species, the Alaskan pollock Pollachius virens. If the Alaskan pollock were not included in the U.S. commercial landings, landings of edible seafood would have declined by 17% from 1980 to 1988 (Harvey, 1989) .
During the next 10 yr, many of the world's commercially important fisheries will be harvested at or near maximum sustainable yield, and some will be overfished. The world fisheries landings from wild stocks will not be able to support large increases in demand The United States is already heavily dependent on imports, and this dependence is likely to increase.
1990).

World and US. Flsherles Demand
The global demand for edible fisheries products is expected to increase significantly during the next decade. This demand will be generated by increases in global population, increases in per capita income, and changes in consumer preferences. These same factors will contribute to increased demand for fisheries products in the United States.
The world population growth has slowed to approximately 1.6%/yr (Gudner, 1989) . Over the next decade the population growth in developing countries is expected to slow to 2.0%& and in developed countries is expected to slow to .6%& (Fisher et d, 1989 ). Despite this downward trend in the world population growth rate, the world population is expected to increase by over 20%, or approximately one billion people, by the year 2000. This increase in global population will generate increased demand on fisheries resources. In the United States, the population growth rate is expected to slow to under l.O%&r during the next decade; thus, U.S. population growth in itself should have a modest impact on domestic demand Per captia income is also expected to increase through the next decade and should contribute to an increased demand for fisheries products. The annual rate of increase in per capita income in developed countries is expected to rise from 2.0% in 1990 to 2.5% by the year 2000. In developing countries, the annual rate of increase in per capita income is expected to rise from .4% in 1990 to 1.9% by the year 2000 (Fisher et al., 1989) . In the United States, a 1% increase in household income would increase demand for fisheries products by .1 to . 2% picks, 1988) .
In many countries a shift in consumer preferences has led to increased demand for fisheries products. This shift in preferences is related to changes in dietary habits toward nutritional foods. In addition, consumers are interested in greater diversity in food products. In the United States, shift in consumer preferences should continue to contribute to increased demand for fisheries products. Consumer preference in the United States will also change as demographics change. Consumer demand will also be affected by the price of fisheries products relative to other meats (Dick, 1988; N O M , 1988) . Increases in the price of fish will reduce the rate of growth of demand,
World fish production will have to increase significantly just to maintain present global per capita consumption levels. The average annual world per capita consumption from 1984 to 
World Aquacultural Productlon
As the demand for fisheries products increases and natural stocks approach their biological limits, aquacultural production will play an increasingly important role in meeting global needs for edible fisheries products. World aquacultural production in 1987 reached 10,068,443 t of aquatic animals and 3,139,473 t of aquatic plants with an estimated total value of $18.9 billion. This represents an increase of two million tons since 1985 and three million tons since 1983 (FAO, 1990; Nash and Kensler, 1990).
The aquatic species cultured worldwide are extremely diverse. In 1987, a total of 152 species groups was reported, which included 89 finfishes, 35 mollusks, 23 crustaceans, and 4 plants. Finfish production accounted for 67% of all the aquatic animals cultured, mollusks and crustaceans accounted for 27% and 6%, respectively (Nash and Kensler, 1990). Production levels for the 15 leading species of aquatic animals cultured worldwide are presented in Table 1 . Production levels for the leading species of plants cultured worldwide are presented in Table 2 .
Freshwater systems accounted for 46% of the total production, marine systems accounted for 47%, and brackishwater systems accounted for 7%. In freshwater systems, 99% of the production was finfish. In brackishwater systems 40% was finfish and 50% crustaceans. In marine systems, 51% of the production was seaweeds, 42% was mollusks, and 7% was finfish mash and Kensler, 1990).
In 1987, 72% of world production was by East Asian countries. West Asia accounted for 12% of the total, followed by Europe and North America with 8 and 3%, respectively. In terms of total value of world aquacultural products, China led with 32%. followed by Japan, Taiwan, India, and the United States (Table 3) (FAO, 1990 ; Nash and Kensler, 1990.
U S . Aquacultural Productlon
The U.S. aquacultural industry has expanded at a rapid rate since 1980 and represents the fastest growing segment of Finfish account for approximately 86% of the total U.S. production, crustaceans account for lo%, and mollusks account for 4%. Freshwater production accounts for approximately 80% of the total production, marine and brackishwater systems account for 4% of the total production, and the culture of diadromous salmonids accounts for 16% of the production.
These species are grown in a variety of culture systems, including earthen ponds, flowthrough raceways, Ocean ranching systems, bays, and estuaries. Production systems used range from intensive flow-through raceways used in the trout industry to extensive systems used for the culture of oysters and other mollusks. The production of channel catfish Zctulurus punczarus accounted for 56% of the total U.S. aquacultural production in 1988 and 65% of the growth of the U.S. industry from 1980 to 1988. The total number of hectares in production increased from 22,065 in 1980 to 60,717 in 1989. Production per hectare also increased from 1,579 kgha to 2,658 kg/ha during that same period. Catfish ate reared primarily in earthen ponds, and production is concentrated in the Mississippi Delta and other southern states. The state of Mississippi accounts for 80% of the total U.S. catfish production (USDA, 1990) .
The crawfish industry grew at a rapid rate from 1980 to 1986 but declined in 1987 and 1988. production levels reached a high of lished data). The industry was affected by fluctuating prices from year to year as well as within each year. Prices paid to farmers have been extremely variable as the farm-raised product competes with a seasonal wild catch. This instability in the market structure has contributed to the decline in total production. The red swamp crawfish (Procumburus clarkii) is the primary species cultured. The industry is concentrated in Louisiana, with additional production in Texas, Arkansas, Florida, South Carolina, North Carolina, and Maryland. Louisiana accounts for approximately 86% of the U.S. production. Crawfish are cultured in shallow ponds or paddies. In general, production is forage-based without the use of prepared feeds.
The trout industry demonstrated slow but steady growth from 1980 to 1988. The rainbow trout (Uncorhynchus mykiss) is cultured in several states; Idaho accounted for approximately 66% of the total, North Carolina lo%, and California 8% (USDA, 1990). Most of the trout are produced in flow-through raceways using spring water. Additionally, the use of cold-water pond systems has increased in several states.
The oyster industry has remained relatively stable from 1980 through 1988. The oyster industry is composed of a West Coast component that farms primarily the Pacific oyster (Crussostreu gigus) and an East Coast and Gulf Coast Sector that farms p r i m d y the American oyster (Crarsoshrea virginicu). Production systems are considered to be extensive. Seed oysters are stocked onto beds or other structures for rearing. Oysters are filter feeders and rely on natural productivity for food. The East Coast industry has suffered with disease problems and a decline in the quality of the production habitat. Concern over the quality of the product as related to shellfish sanitation has had a severe impact on the industry.
44,318 t in 1986 (FAO, 1990, USDC, unpub-
The salmon industry is based on five species of Pacific salmon (Onchorhynchus spp.) as well as the Atlantic salmon (Salmo salar). Most of the Pacific salmon are produced through extensive Ocean ranching systems and include returns from private, state, federal, and nonprofit hatcheries. Some Pacific salmon are also reared iri :IC[ pens. The Atlantic salmon (Salmo solar) is cultured in net pens on both the East Coast and the West Coast. Recently, there has been a lot of interest and controversy surrounding the net pen culture of the salmon. Opponents of net pen culture condemn the aesthetic and environmental aspects of this culture system.
Production of baitfish represents a significant segment of the industry in terms of value. The baitfish industry has remained relatively stable from 1980 to 1988. Although there are probably over 20 species of baitfish cultured, the primary species cultured are the golden shiner (Notemigonus crysoleucas) and the fathead minnow (Pimephales promelas). Most baitfish are produced in earthen ponds with annual production of approximately 500 k o a .
Louisiana and Arkansas account for over 90%
of the production.
In addition to the major species cultured, several other species of finfish and shellfish are cultured in freshwater and marine systems in the United States. Also, there are a number of emerging species with potential to contribute to increased production in the future; they include the hybrid striped bass (Morone saxatilis x M. Chrysops), redfish (Sciuenops ocellatus), sturgeon (Acipenser transmontanus), tilapia (Oreochromis spp.) and paddlefish (Polyodon spathula). In addition, there is a substantial ornamental fish industry in this country. In Florida alone, the value of ornamental fish production is estimated to be over $40 million.
Aquaculture Outlook
Based on the projected global demand and supply of fisheries products, the opportunity for sustained growth of world aquacultural production is good. The FA0 Committee of Fisheries (FAO, 1987) reported that resources and inputs required for aquacultural development are generally similar to those of agriculture; thus, development in the aquacultural sector will follow that of agriculture and the world economy in general. Nash (1987) projected that world aquacultural production will increase at a rate of 5.5% annually through the year 2000 and will reach 22.2 million tons at that time, accounting for approximately 25% of the world fisheries production.
The domestic demand for aquacultural products will follow the overall demand for fisheries products. Based on the projected demand for fisheries products in the United States, the opportunity for continued growth of the domestic aquacultural industry is good. However, the industry will face strong compe tition from imports. To maintain the profitability and sustained growth, the domestic aquacultural industry must continue to develop sound marketing strategies and continue to improve production efficiency. Also, the availability and cost of inputs will affect production cost and the growth of the industry.
The development of sound marketing strategies is crucial to the orderly and progressive development of the domestic aquaculture industry. Production strategies must be based on a firm understanding of market structures and opportunities. Significant changes in supply result in substantial fluctuations in price and market conditions. Much of the expansion in the past 10 yr has targeted expanding domestic markets; however, in the future greater emphasis is likely to be placed on import replacement and export development. Increased consideration of product form and quality as well as value-added products can enhance domestic and foreign market development. The development of specialty markets and direct marketing will allow some small-scale producers to compete with larger producers and processors.
Because of the diversity of production systems and species produced, aquacultural production responds to shifts in global market demands. Recently, aquaculture production has been stimulated by relatively high prices for high-valued items such as marine shrimp and salmon. As demand for these products increased and capture fisheries were not able to meet the demand, prices increased. Aquacultural production of these species increased to take advantage of the high prices. Several nations, including developing countries, implemented national programs to develop aquaculture to enhance exports and improve foreign currency earnings. Much of the increased production was targeted for U.S. markets. However, as production levels increased, prices for these commodities decreased.
As the domestic aquacultural industry expands, it is essential that producers continue to adopt the most efficient production technologies. Losses from disease and poor water quality must be reduced. Substantial improvements in production efficiency can be made through genetics, integrated aquatic animal health management, nutrition, water quality, harvesting technologies, production strategies, and improved culture systems. Maintenance of a strong research base linked to strong extension educational programs is essential to the adoption of improved technologies by the industry. Additionally, many of the technical innovations that have led to improved profitability in the industry have been developed by the industry. Increased industry involvement in research aimed at improving production efficiency would enhance adoption of new technologies.
The aquacultural industry, like other sectors of agriculture, is affected by the cost and availability of inputs. Feeds, energy, and labor are key inputs that affect the profitability of the industry. Cost of feeds can account for a large portion of the operating expense for some systems. Fish feeds can contain large amounts of fishmeal as well as traditional feed grains. Energy costs associated with pumping, aeration, and transportation can represent a substantial portion of the operating expense. Although most production systems are not labor-intensive, labor can account for a significant portion of the production cost. For example, 60 to 70% of the variable costs associated with crawfish production is related to harvesting. In most cases, the cost of labor has a greater impact on the processing sector of the industry.
There are a number of additional factors that have had an impact on aquacultural production and will continue to affect the development of the industry during the next 10 yr. These factors include geophysical, social, and political factors. The impact of these factors varies from region to region or from country to country. Thus, certain regions of the country will have competitive advantages over others and foreign producers may have competitive advantage over U.S. producers for certain sectors of the industry. However, proximity to markets provides an advantage to
The primary geophysical factors that will influence the expansion of the existing U.S. local producers. aquacultural industry are water, land, and climate. The sustainability and growth of the US. aquacultural industry is dependent on large quantities of highquality water. This factor represents the primary long-term constraint to the expansion of the industry. Competition for water resources is already intense in parts of the country and is expected to increase in the future if present trends continue. Nonagricultural consumptive uses of water are expected to triple in the next 50 yr. Certain regions of the country will not have sufficient water to meet nonagricultural needs and permit continued irrigation of croplands currently in production. Under free market conditions, water used for industrial and domestic uses has a higher net value than water used for agriculture (USDA, 1989) .
Except for some extensive marine culture systems, most forms of aquacultural production in the United States are consumptive users of water, with the rate of consumption varying based on the production system used. The major expansion of the aquacultural industry during the past 10 yr has occurred in parts of the country where there is adequate supply of ground water and where agricultural uses of this water do not compete directly with domestic or industrial uses. As an example, the catfish industry in the Mississippi Delta accounts for approximately 24% of the water use, compared with 51% for rice, 14% for soybeans, 9% for cotton, and 2% from humans and livestock production (Pote et al., 1988) .
In the southern region of the United States, ground water has been plentiful and most of the region receives between 11 5 and 170 cm of precipitation annually. As a result, water availability has been t&en for granted. However, increased demand and recent droughts have led to increased concern about availability and the need to conserve water. The primary losses of water in aquacultural systems occur as a result of evaporation, seepage, and deliberate discharge. The average catfish farm uses approximately 102 cm of make-up water per unit area a year. Research has indicated that conservation practices in the southern region could result in an average saving of 75% of the water used, by simply using existing ponds to more effectively capture and store rainfall (Pote et al., 1988) .
During the next 10 yr, availability of ground water will continue to restrict largescale, land-based development of aquaculture in certain regions of the country. Producers will have to use water more efficiently by adopting improved conservation measures and improved production technologies. Although the use of intensive closed recirculating systems could improve the efficiency of water utilization, other production costs associated with these systems will restrict large-scale development during the next 10 yr. Marine systems such as those for ocean ranching and mollusk production sytems will not be affected greatly by ground water availability but will be affected by conflicts with other users.
Although producers were able to increase productivity per hectare during the past 10 yr, much of the expansion of the aquaculture industry was a result of an increase in the number of hectares placed into production. Although production per hectare will continue to increase over the next 10 yr, additional land must be placed into production to maintain present levels of growth. Most of the land placed in aquacultural production has been privately owned agricultural land As the industry expands, aquaculturists will have to compete with other land users, including other sectors of agriculture. The relative profitability of various crops will drive the competition for any agricultural use of land. Conflicts over the use of public land and water for aquaculture will continue. These conflicts are minimized when privately owned land is used. User conflicts will continue to restrict the develop ment of certain marine-based production systems. Additionally, the classification of much of the land suitable for aquacultural production as wetlands will impact future development.
Climatic conditions have a tremendous impact on production traits in aquatic animals. Survival, growth, food conversion, and reproduction are all affected by temperature. However, the biological diversity among aquatic animals relative to temperature tolerance and optimum temperature for maximum growth allows producers to use species that perform well under local climatic conditions. This leads to geographic advantages for the production of certain species. The relative length of the growing season will limit the expansion of sectors of the industry to certain regions of the country.
There are a number of social and regulatory issues that will affect future development of the aquacultural industry. These issues include user conflicts related to use of public resources, the impact of aquaculture on the environment, depredation of aquatic animals by migratory birds, lack of approved chemicals for therapeutic uses, use of wetlands, and lack of mandatory seafood inspection. Although the industry perceives these constraints as Unique to aquaculture, most of these constraints are not different from those faced by other sectors of agriculture. The concern over many of these constraints is intensified because of the large number of state and federal agencies that could be involved in these issues.
lmpllcatlons
The general outlook for the continued expansion of the domestic aquaculture industry is good. Aquacultural production in the United States could increase by 200 to 400% during the next 10 yr. Increased production will result from improved production efficiency and increases in the number of hectares placed into production. Geophysical and social factors will continue to influence the development of the industry resulting in competitive advantages for certain regions of the country. A large portion of any expansion will come from those segments of the industry that have experienced substantial growth during the past several years.
